Background: Heel prick is a frequent painful procedure in newborns. A lancet or a 26-gauge needle is used for a heel prick in India. Objective: To compare the pain caused by heel prick with a lancet or a 26-gauge needle in newborns admitted in the neonatal intensive care unit (NICU) using the preterm infant pain profile (PIPP). Methods: This randomized controlled trial was conducted over 2 months in a Level III NICU with a sample size of 40 subjects (20 in each group), which was required for the study to have a power of 80% with an alpha error of 0.05. Hemodynamically stable newborns on at least those on partial oral feeds undergoing heel prick for routine glucose monitoring were randomized into two groups within 48 h of NICU admission after informed parental consent: heel prick with a lancet or with a 26-gauge needle using computer-generated random numbers. Two milliliters of expressed breast milk was given 2 min before the heel prick. Pain before, during and after (1 and 5 min) was assessed using the PIPP score. The primary outcome measure was the PIPP score. The secondary outcome measures were the duration of audible cry and the number of pricks needed for an adequate sample. Statistical analysis was done using the Mann Whitney U test and Friedman's test on SPSS v.21. A p value of < 0.05 was significant. Results: There were 40 neonates, 24 males and 16 females included in the study with a median age of 7 days. The mean birth weight was 2441 g (SD: 699) at a mean gestation of 34.4 weeks (SD: 3.2). The median PIPP scores at 0-30 s after heel prick were 7.05 6 3.57 with a lancet vs. 9.35 6 3.68 a needle (p ¼ 0.052). There was a significantly lower duration of audible cry with use of lancet (10.5 6 18.5 s vs. 75.2 6 12.0 s with needle; p ¼ 0.03). All heel pricks resulted in adequate sampling. Conclusion: Heel prick with a lancet causes less crying than a 26-gauge needle, though the PIPP scores are not significantly different.
I N T R O D U C T I O N
There is an increasing awareness regarding pain management in neonates. Literature suggests that health care personnel are aware of pain caused by procedures and their specific analgesic management [1] [2] [3] [4] [5] . This, however, does not seem to be reflected in practice [1, 2] . Admission to the neonatal intensive care unit (NICU) increases the newborn's exposure to inevitable procedures causing pain. The pain caused during these procedures may be managed by pharmacologic measures such as opioids and sedatives or non-pharmacological measures such as kangaroo mother care, administration of breast milk, warmth and sucrose solution [5] [6] [7] . The nonpharmacologic measures merit further exploration, as most of these exploit physiologic mechanisms of pain relief, thus alleviating the possible adverse risks of pharmacological pain relief. This does not mean that pharmacological measures should never be used; instead, there should be a high threshold in turning to analgesics only after non-pharmacological measures are exhausted.
Heel prick is one of the most common procedures carried out in newborns in both sick and well newborns [1, 3, 4, 8, 9] . In a study done in our institute to assess the burden of painful procedures in the NICU 3 , it was observed that each baby was subjected to 8.09 6 5.53 painful procedures every day. Though it is considered to be moderately painful [3] , the cumulative pain due to a heel prick could be tremendous, making pain reduction during this procedure an urgent priority, using non-pharmacological procedures as much as possible.
World over, various devices such as needles and lancet and needles are used for heel prick. Nurses perceive that lancet may be more painful although there is no evidence to support this claim owing to the paucity of published data on whether lancet or needle is less painful for heel prick. In an attempt to answer this question, we undertook this randomized controlled study among newborns undergoing heel prick in our NICU in an attempt to ascertain whether there was a difference in pain perceived during this procedure depending on whether a lancet or 26-gauge needle was used. Pain perceived by the newborns was our outcome measure, which was assessed by the preterm infant pain profile (PIPP). A difference observed between the two devices could result is a major reduction in cumulative burden of pain to the newborn by a simple policy change involving the use of the lesser pain-causing device for heel prick in future.
M A T E R I A L S A N D M E T H O D S
This randomized controlled trial was done in a level III NICU of South India over a period of 2 months. Hemodynamically stable newborns with <48 h of NICU admission, on at least those given partial oral feeds undergoing heel prick for routine glucose monitoring were included in the study. Newborns on ventilatory support, or neurologically abnormal or with congenital anomalies or exposed to sedatives/analgesics/anticonvulsants within 5 days before the study were excluded.
The study included data collection from 40 newborns admitted in NICU who underwent the heel prick for glucose monitoring. All demographic details were also collected. After a written informed parental consent, the eligible newborns were randomized into two groups: heel prick with a lancet and heel prick with a 26-gauge needle using computer-generated random numbers. Allocation concealment was achieved by using sequentially numbered opaque sealed envelope containing the codes for heel prick.
The gestational age and the behavioral state were recorded before the heel prick. The pulse oximeter was connected to the upper extremity of the newborn. The lancet used was Medipoint blood lancet 0473 and the needle was 26 G needle BD precision Glide needle. Two milliliters of expressed breast milk (EBM) was given 2 min before the heel prick as per unit pain management protocol [9] . All heel pricks were done by one of the selected group of staff nurses who had adequate experience in neonatal care to minimize variation in pain during heel prick. The heel prick was done using all sterile precautions. The principal investigator video recorded the newborns face and pulse oximeter readings with two separate cameras for PIPP scoring for a period of 5 min after the heel prick. PIPP scoring was determined at 0-30 s, 1-1 1 = 2 min, 3-3 1 = 2 min and 5-5 1 = 2 min by replays of the video records. A backup soft copy of the video records was also created. All video analyses for PIPP score were done independently by the principal investigator and the co-investigator. The duration of audible cry was documented during review of the video. The number of pricks taken to get the adequate amount of blood for glucose testing by glucometer was documented. In a bid to decrease bias, we performed a repeat analysis on the videos in two ways: first, the same investigator carried out PIPP scoring after a 3-month period, and second, another assessor carried out PIPP scoring. These analyses were represented as Bland-Altman plots of the cumulative PIPP scores across all the time points (Supplementary Figs S1 and S2).
Outcome measures
The primary outcome measure was the PIPP scores. The secondary outcome measures were duration of audible cry and the number of pricks needed for an adequate sample.
Statistical Tests Statistical analysis was done using SPSS 21. The PIPP pain scores after heel prick by the two methods were then compared by the Mann Whitney U test and the change of PIPP scores over time were compared using Friedman's test. A p value of <0.05 was taken as significant. Sample size: The sample size was calculated to be 40 (20 in each arm) based on Barker's study [8] for the study to have a power of 80% with an alpha error of 0.05.
Ethics: The study was carried out after ethical approval from the institutional ethical review board. Table 1 . Non-parametric tests were used, as the data were not normally distributed. The results of the Friedman's test for both groups are represented as a bar-plot in Table 2 , the p value from Friedman's test for change over time separately in each group suggested a significant change over time in both groups, but the change was not different between the groups. There was no significant difference in time required to complete the procedure or number of attempts required to draw the required Table 1 . PIPP Score and audible cry-lancet vs. needle quantity of blood. In both instances, the difference in bias as evaluated by the Bland-Altman plots was not more than one PIPP point, which suggests that the inter-observer and intra-observer bias were small.
D I S C U S S I O N
The results of this study point toward a reduction in newborn pain when a lancet was used to procure blood during the heel-prick procedure as opposed to a 26-gauge needle. A difference of 2 in the PIPP scores, though not statistically significant, could be clinically significant, considering the potential cumulative decrease in pain during hospital stay, as heel prick is a common procedure. In our previous study, heel lance accounted for 30% of 6832 painful procedures that 101 infants experienced during NICU stay [3] .
The trend to reduction in pain with use of lancet could be possibly explained by the controlled depth of invasion by the lancet and a more superficial plane, which is breached. Though the reduction in PIPP score was not statistically significant, it must be noted that three of the five components of the PIPP score during the first 30 s of the procedure differed significantly between the two groups, with the lancet causing less pain. The components that did not differ significantly included rise in heart rate and decreased oxygen saturation.
Cry is a distress signal by the newborn, which is easily perceived by the health care providers. It is considered as an objective measure of pain. It is well accepted that a baby's cry is a source of stress for the mother [2] . The duration of audible cry was significantly lower with the use of a lancet. However, newborns crying might also be indicative of discomfort or a sense of vulnerability, which may also be evoked during a painful procedure. Contemporary techniques of identifying newborn pain such as using functional MRI (fMRI) imaging may help untwine the factors contributing to an audible cry during a painful procedure [10] . fMRI might be a more reliant method to assess neonatal pain but is currently not feasible in lower-middle-income research setting. Reduction in audible cry could still indicate that use of lancet was less painful as well as reduced the stress of NICU mothers. Reduction in the behavioral aspects of the PIPP score also could further alleviate the anxiety of mothers who frequently witness their babies' painful procedures. However, the effect on stress of the mothers was not evaluated in our study.
This study was conducted after use of EBM in both groups. We have previously demonstrated the analgesic effect of EBM for moderately painful procedures [9] . It is our unit protocol to use EBM as a tool to reduce procedural pain. The difference in PIPP scores, therefore, assumes greater importance, as this reduction is seen from a lower baseline PIPP score because of EBM. It also suggests that pain management must be multipronged, as no single intervention can totally alleviate pain.
Our study did not find any difference in the success of either the lancet or the needle in adequacy of sampling. Multiple pricks were not required for infants in this study. This could be owing to the fact that the study was conducted by one from a selected group of experienced nurses to minimize the variation in pain, as pain during heel prick is not only caused by the prick but also by the squeeze of the heel and the handling of the foot.
Various studies have evaluated the efficacy of a lancet. Shephered et al. compared two different lancet devices, namely, tenderfoot and genie lancet. They found that tenderfoot was superior in terms of quality of the blood sample, time taken to collect the sample, number of heel pricks required to take the sample, whether squeezing of heel was required, pain expressed by the baby and presence of bruising. Experienced midwives were more efficient in sample collection [11] . Cologna et al. also compared two lancet devices, namely, tenderfoot and traditional lancetta. Tenderfoot again proved superior in the previously mentioned parameters; however, its cost ($3.75) and post-procedure bleeding made its use debatable [12] . Harpin demonstrated the efficacy of automatic lancet over the manual lancet [13] . We used a basic lancet costing Rs 2. The 26 G needle cost Rs 5. This study took into consideration the economic challenges of neonatal care and used a low-cost lancet (USD ¼ $0.032).
One of the limitations of our study is that it is not blinded. All aspects of analyses were done by the principal investigator who also videographed the baby. However, the co-investigator who verified the PIPP scores independently was unaware of the randomization. We tried eliminating sources of bias by having a single nurse carry out all heel-prick procedures, administering 5 ml of EBM to each neonate and randomizing, but sources of bias, particularly in analyzing results could still exist, as the study was not blinded. Though the PIPP score adjusts for gestational age, the newborn study population could have possibly been more homogenous in terms of gestational age and reasons for NICU admission.
C O N C L U S I O N A sick neonate on an average undergoes >60 procedures per day [3] . Of these procedures, 30%-66% are heel prick [1, 3, 4, 8, 9] . Heel prick with a lancet is associated with a trend toward lower PIPP scores and significantly lower duration of audible cry in newborns even after use of an analgesic (EBM). The results of this study, therefore, indicate a potential area for intervention that is economical in both terms of money and time.
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